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PREFACE 

F or nearly a quarter of a century, the L.5. space pro- enjoyed what 
can appropriately be termed a 'golden age." From the launch of 

hh-orb i t ing  satellites. to the visits by robotid spacecraft to Venus and 
Mars. to the stunning achievement of landing the first human beings on 
the Moon. the many successes oithe space progam were exciting and 
awe-inspiring. The United States was clearly and unquestionab:y the 
leader In space exploration, and the nation reaped all the benests of 
pride, international prestige, scientific advancement. mci technologicai 
progress thal such leadership provides. 

However. in the aftermath o i  the Cldenger  accident. reviews of our 
space pro,pm mad= its shortcoming starkly apparent. The United 
States' role as the leader of spacefaring nations came into serious ques- 
tion. The capabilities. the direction. and the future oi  the space p r o e m  
became subjects of public discussion and professional debate. 

The U.S. civilian space program is now at a crossroads. aspirins toward 
:he visic s of the 3ational Commission on Space but faced with the 
realities ~ z :  forth by the Rogers Commission. Y.45.4 must respond ag- 
gressively to the challenges o l  both while recopizine the necessity of 
maintaining a balanced space program within reasonable fiscal limits. 

T;to fundamental. potentially inconsistent views have emergd. Many 
people believe that NASA should adopt u major. visionar). goal. Tliev 
argue that this would gdvanize support. focus 3ASA programs. and gen- 
erate excitement. Many others believe that 3ASA is already overconi- 
rnitted in the 1%; they argue that the space agency will be struggling 
to operate the Space Shuttle and build the S p ~ c e  Station. and could not 
hatidle another major program. 



Loth views reflect concern over the current 
status of the space program. but each deals with 
only one aspect of :he problem. Tile space pro- 
gram needs a long-range direction; it also needs 
the fundamental capabilities that would e n d d e  
it to move in that direction. .A single ,pal is not 
n panacea-the problems facing the s p c e  pro- 
gram must be met head-on. not oversimplified. 
But if there are no ,mo;lls, or if the ,-Is me too 
diffuse. then there is no focus to the program and 
no framework for decisions. 

The ,pals of the civilian space pro,pm must be 
carefully chosen to be consistent with the na- 
tional interest and also to be consistent with 
NASA's capabilities. N G A  d o n e  cannot set 
these ,pals. but YASA must lead the discus- 
sion. present technically feasible options, and 
implement programs to pursue those ,-!s 
which are selected. 

We must ask r~urselves: "Where do we want to 
be at the turn of the century?" and "What do we 
have to do now to get there?" Without an eye to- 
ward the future. we flounder in the present. It 
is not too early 19 crystallize our vision of the 
space program in the year2000. .A clear vision 
provides a h ~ e w o r k  for current and future pro- 
grams: it enables us to know which technologies 
to pursue, which launch vehicles to develop. 
and which features to incorporate into ourspace 
Station as it evolves. 

Leadership in s p c e  does not require that tlre 
U.S. be preeminent irt all areas of s p c e  enter- 
prise. The widening .-iinge o l  space i~ctivities 
and the increasing n ~ m b e r  of spacefaring 
nations make it virtt~illly irnporisi1)lt. !Lr any 
ccuntry tod~mina te  ,n  this way. It is, therelore. 
essential for America to move promptly to deter- 
mine its priorities and to pursue a stnteg which 
would restore and sustain its leadership in the 
m 3 s  deemed important. 

The Rogers Commission. in its concluding 
thou&ts. states that YASA "constitutes a na- 
tional resource that plavs a critical role in space 
exploration and development. It also provides a 
symbol of national pride and technological 
leadenhip. The Commission applauds YASA's 
spectilcular achievements of the past ilrld anti- 
cipates impressive achievements to come." 
Only with a clear strategy in plilce. and its ,-Is 
for the future defined and developed. will the 
country be A l e  to regain and retain leadership 
in space. 



INTRODUCTION 

I n response to growing concern over the posture and long-term direc- 
tion of [he L.5. civilian space pro,mm, NAS.4 .idministrator Dr. 

James Fletcher formed a task p u p  to deline potential U.S. space in- 
itiatives. and to evaluate them in light of the current space program and 
the nation's desire to regain and retain space leadership. The objectives 
of the study were to energize a discussion of the long-range goals of the 

. civilian space program and to begin to investigate overall strategies to 
direct that program to a position of leadership. 

The task group identified four candidate initiatives forshdy and evalu- 
ation. Each builds on XASA's achievements in science and exploration, 
and each is a bold. aggressive proposal which would. if adopted, restore 
the United States to a position of leadership in a pal-ticular sphere of 
space activity. The four initiatives are: (1) Mission to Planet Eaith. 
121 Exploration of the Solar System, (3) Outpost on the Moon. and 
(4) Humans to Mars. All four initiatives were developed in detail. and 
the implications and requirements of each were assessed. 

Tliis process was not intended toculminate in the selection ofone in- 
itiative and the elimination of the other three, but rather to provide four 
concrete examples which would catalyze and focus the discussion of the 
goals and objectives of the civilian space program and the efforts required 
to pursue them. 

When this activity began. several studies relevant to SASA's long-range 
goals and its ability to achieve those goals were already in progress. Some 
of these studies were being conducted by agencies external to NASA: 
others were internal 3ASA studies. This task ,goup became familiar with 
those efforts, and sponsored others in areas not already covered. Addi- 
tional information on a11 these studies is provided at the end of this report. 
The interested reader is referred to the published reports for detailed 
recommendations. 



The major milestones of all reievant studies 
were plotted on a timeline. shown in F i r e  1. 
This proved to be a iiseful summary for identify- 
ing the activities and their projected completion 
dates. A similar overview timeline should con- 
tinue to be produced and revised. since i t  raises 
awareness of existing studies and coordinates 
re!ated efforts. 

This is not a final report. Rather. it is a status 
report describing tile work accomplisliecl to 
date, and how this work will continut.. Tlic rr- 
port discusses long-term goills ul' lllc t r i v i i i u n  
space program, current posturing required to at- 
tam these goals. and the need for a continuir~g 
process to define, refine, and assess both tlie 
goals and the strategy to achieve them. 
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LEADERSHIP IN SPACE 

F or two decades, the United States was the tindisputed leader in 
nearly dl civilian space endeavors. However, over the last decade 

the United States has relinquished, or is relinquishing, its leadership in 
certain critical areas; one such area is the exploration of Mars. With the 
iW&~~er and Viking missions in the 1960s and 1970s, this country 
pioneered exploration of Mars - but no Amcrican spacecraft has visited 
that planet since 1976. Our current plans for future exploration of Mars 
.include only the :Mars Observer mission, to be launched in 1992. In con- 
trast, the Soviets have announced a program of extensive robotic explo- 
ration of the Martian surface, beginning in 1988 and extending through 
the 1990s. 

The Soviets are now the sole long-term inhabitants of low-Earth orbit. 
The first, and only, U.S. space station, Skylab, was visited by three crews 
of astronauts before it was vacated in 1974; the U.S. has had no space 
station since. The Soviets have had eight space stations in orbit since 
the mid-1970s. The latest, .Mu, was launched in 1986 and could accom- 
modate cosmonauts and scientific experiments for nearly a decade before 
the U.S. Space Station can accommodate astronauts in 1995. 

The United States has clearly lost leadership in these two areas, 
and is in danger of being surpassed in many others during the next 
several years. 

The National Space Policy of 1982, which "establishes the basic goals . 
of' United States policy," includes the directive to "maintain United 
States space leadership." It further specifies that "the United States is 
fully committed to maintaining world leadenhip in space transporta- 
tion," and that the civilian space program "shall be conducted . . . to pre- 
serve the United States leadership in critical aspects of space science, 
applications, and technology." 



Leadership cannot simply be proclaimed - i t  national pride. and engender international re- 
must be eirned. .As NASA eVhluates its goals spect nnda tvoddwide desire to associate with 
and objectives within the framework of the U.S. space activities. 
N;ttit)l~;lI Sp;tt-P Poli(:y. t l ~ t *  ;~gt*t~(-y IIIIISI first Ion- Natiutul priclc ~I IC I  ~ I I I C ~ I I ; I I ~ ~ I I ; I ~  l~rc-31 igr ~11-t- ttvu 
derstond what is required to "rnclhtain U.S. natural benefits of leadership in space. National 
space leadership." since that understanding pride gmws as citizens recognize their country's 
will direct the selection of national objectives. abilities and achievements: international pres- 
Leadership does not require that the U.S. be tige rises as other nations recognize those 
preemicent in all areas and disciplines of space abilities and achievements. 
enterprise. In fact. the broad spectn:ip ofspace 
activities and the increasing number of 
spacefaring nations maks i t  virtually impossible 
for any nation to dstninate in this way. Being an 
effective leeiier does mandate, however, that 
this cocntry have capabiiities which enable i t  to 
act independently and impressivel) when and 
where it chooses, and that its goals be capable 
of inspiring otters - at home and abroad - to 
support them. it is essential for this country to 
meve promptly tci determine its priorities and to 
make conscious choices to pursues set of objec- 
tives which will restore its leadership status. 

Leadership results from both the capabilities a 
country has acquired and the active demonstra- 
tion of those capabilities; accordingly, the 
L'nited States must have, and also be perceived 
as having, the ability to meet its gods and 
achieve its objectives. 

A U.S. space leadership program must have two 
distinct attributes. First, it must contain ; -ound 
program of scientific research and technology 
development - a program that builds the na- 
tion's understanding of space and the space en- 
vironment, and that builds its capabiiities to 
explore and operate in that environment. The 
United States will not be a leader in the 21st 
Century if it is dependent on ocher countries for 
access to space or for the technologies required 
to explore the space frontier. Second, the pro- 
gnm must incorporate visible an? significant 
accomplishments; the United States will not be 
perceived as a leader unless it accomplishes 
feats which demonstrate prowess, inspire 

Pc.rhaps most significant. leadership is also i! 
process. That process involves selecting and 
enunciating priorities for the civilian space pro- 
gram and then buiidingand maintaining the re- 
sources required to accomplish the objectives 
defined within those priorities. NAS.4 can con- 
tribute to this process by: (1) establishinga vi- 
sion and goals consistent with national space 
interests; (2) developing and recommendingob- 
jectives and programs that support those goals: 
(3) articulating, promoting, and defending them 
in the political and fiscal arenas; and (4) enec- 
lively executing approved programs. 

To this end. NASA embarked last fall on a re- 
view of its goals and objectives. P.s XASA Ad- 
ministrator Dr. James Fletsherstated, "It is our 
intent that this process produce n blueprint to 
guide the United States to a position of leader- 
ship among tile spocefaring nations of Earth.'' 

The first step in this necessi~rily lengtlly process 
was t a ~ e n  by NAS.4 Senior Management's 
Strategic Planning Council when i t  adopted the 
statement in the box or. the next page. 

This statement reflects the belief that NASA em- 
bodies the human spirit's desire to discover, t, 
explore, and to understand. It should be noted 
that the Space Shuttle and Space Station are not 
viewed as ends in themselves, but as the means 
toward achieving the broader goals of the na- 
tion's space program. Tmnsyortation and orbital 
facilities support and enable our efforts in sci- 
ence, exploration, and enterprise. 



The next step in this process should be to articu- 
late specific objectives and to identify the pro- 
gram required to achieve these objectives. Of 
course, in some areas of study the p q p m s  
habe Jready been identified and are well 
under way. For example, The Hubble Space 
Telescope, a general-purpose astronomical 
observ;rlop in :..-xe. is an element o~?(ASA's 
p m p m  to increase our understanding ol the 
universe ill w l ~ i c i l  \rc live; the rrclesi~n antl re- 
qualification of the Space Shuttle's solid rocket 
booster joint is put of KASA's prcgram to return 
the Space ShuttIe to flight status. However, in 
other areas, such as piloted explodion, our 
objectives have not been clearly identified. 
Does this country intend to establish a lunar out- 
post? To send an expedition to Mars? What are 
NASA's major objectives for the late 20th and 
ealy 21st Centuries? The Space Shuttle and 
Space Statim will clearly support the objec- 
tives, but what will they be supporting? 

These questions cannot, of course, be answered 
by NASA done. But NASA should lead the dis- 
cussion. p r o w  technically feasible options, 
imd make thoughtf~~i recommendations. The 
choice of objectives will shape, among other 
things, N..\SA's technology program, the evolu- 
tion of the Space Station, and the character of 
Eiirth-to-orbit txnsportation. 

I 
MEETING THE CHALLENGE 

IN AERONAUTlCS 
AND SPACE 1 

I 
I 

i\lASh's vlsion is to be at the forefront oi ! 
dvmcements in wtonautirts. space science. 
and exp1ot;llion. To set our course into the f 
3151 Ceetury anti bring this vision lu reality. j 
3ASA wili pursue major ,ds which repre- i 

I sent its aspirations in aviation and space. 1 
These goas are: 

* .+dvance scientific knowledge of the 
planet Earth, the solar system, and 
the universe beyond. 

i 
I 

Expand human p m n c e  beyond the I 
Earth into the solar system. I 
Strengthen aeronautics rexmh and 
develop technology toward promoting 
U.S. leadership in civil and military 
aviation. 

Successful pursuit o I  these major pills re- 
q u i m  commitment to the following s~pport- 
ing goals: 

Return the Space Shuttle to flight 
status and develop advanced space 
transportation capabilities. 
Develop facilities and pursue science 
and technology needed for the 
Nation's space program. 

As NASA pursues these so&, we will: I 
Promote domestic application of 
aerospsce technologies to improve 
the quality of life on Earthand to ex- 
tend human enterprise beyond Earth. 
Conduct cooperative activities with 
other countries when such coopera- 
tion is consistent with our national 
space goals. 





STRATEGIC OPTION 
DEVELOPMENT 

T b t ~ a r m w n t d o p t e d 5 y E b e ~ P b s a i a g G u n e i l ~  
S .Ws mbsioa its viaion, aad tbe scope dits  acticrik. But the 

next step in the pmces ~-;tnnot be taken in the ahsenoe d a  cocnQrehtn- 
sire saaqg far tke civi!ian space progun. W-tbart a m k w t  fonnu- 
&tiam oftbe Gnited Stats' inhenti- and priorities, t k  is no coatext 
in which % evaluate tbe relevance or the importance d any propased 
initiatives. 

To l q  the foundarion for the definition anti articulacioa dsuch a stmtegy. 
S.GA is currentlr &eloping a pnmss to sys&matically assess the pas- 
nrrrdour~progaarandtoref i isnCaosasc3DdiQte~ 
UI k t  its future- This pmcess, stn.4 opti0(1 dtrdopraent. h 4 1  
in its d y  stages; d I e s s ,  the development of the process has 
yieldcd some interesting imyhts into existing and potential space 
smegies. 

Tie application of strategic option development to charting the future ol 
the U.S. space initially evolved from analogia drawn frwn rel- 
evant aspects dbvsiness theory. Although it is unconventiocrai to think 
dsprre endea*ocs iii terms of a business. man? concepts from *k busi- 
ness d d  are applicable and quite d l .  

Ledenhip irr business is pasibk at m y  time during a product's life 
cy& When a new product is introduced (the innovator stage) there is 
M cornpetition. If the product is successful, the firm becomes the market 
leader by default 'The! drawback, of course, is that innovators must ac- 
cept the high cost and high risk associated with being first The space 
pmgrara. in the eady 1- was an innovator's marbet. Nearly every suc- 
C * ~ ~ U I  ~~ prudmd ;rYli~," In11 the risks. well as d ~ e  nurn!kruf 
f'lurcs, were very high. 

The launch tfAmrica7sfirsr a s t t o c ~  in space, . 4 h  B. Shepiud Jr., 
on the Memuy Redsrohe I I f i o m  Cape Camneeral on May 5,1961. 



Ia a nr;rhlrr b a s k s  d e t  (the late majority 
aage~thereexistoabelmce.asmanyfm 
amBpeIbr~siurtdthemiuke& . r t this 
~. i t io l t i l lp . ss ib letobeidetkader  
b y c u r i a g o u t a ~ u h r a i e h e d d m t ~  
abyddirairsC;tbehi&estqdityabest 
r a h r t . ' I h e ~ ~ 1 e ~ e t ~ l o r ~ .  
isappnrdringrnwrrmatmcstqe- andmany 
cmamies r i U  be eq for 'eadeRhip in 
tbt 199Qs. 

Ihtbrrinessdrprehsexpandedcoaaidcr- 
ably since the 1960s- The areas d scientific 
r a p e a r c h * s p . r x t ~ w . s p r c e ~ O 1 l .  
and~sa*icesamstiUopentoleadership 
thronghi~on,brt#wneareaW,naropcn 
to IeadeRhip ip. more mature markets In fkt. 

technology. GC &ion: (21 the complex see- 
onristagc~a~ontinuationdapioneeringefiwt, 
but with b w h .  more complex objectives; (3i 
the apaarional stage, with relatively matwe and 
mutine cqdilities: and (4) the eammmidr ti- 
a61c stage. with the putentiid for pmlit-making, 

The activities of a space pmgm cul be charac- 
terized by physical legions of space: (11 deep 
space, (21 the outer solar system (the planets 
bepad the asteroid kit 1. (3) the inner solar sys- 
tem (the inner planets, the Moon. and the Sun), 
(4) ki-Earth orbit, and (5) low-Earth orbit. 
Supporting technologies, such as launch 
capabilities and h i t a l  facilities, are required 
to undertake all prognms. 

~ a u t r l r . T h e c d u m a s d t h e  
avtrix rn &linested by the four 1eJderdrip 
~ a r l l i a c d p r e v i o d y : t h e n w s a ~ c t h e f i v e  
physkd q b s  d possible space activities, 
u i & a s i x d r m r f o r s u p p o r t i n g t ~ d  
mmspwk. Each squareoftbe mrtrix de- 
6nesapartlcnlararpaalpbsaiMeleadership. 
"-.& taatxix analysis pnnides a way to concep- 
 rean an use so faction andcan be 
usedmdorcrihaadsssersthespeceprogsw 
d slun(jaing mtkms- It is possible to be a 
kwL+inasiq#esqurrredmm&an~da 
ournbaddifhmt pmpms F w  2 illus- 
t m t e s d w r r h i c h .  ifdentakertin 
the 199%. ra r ld  result in ledenhip in one 
madspgceedeargtrgt Forexample. acwntry 
cmM be a leader in the highlighted area of a 
ctnnplex s e d  efGmt in the inner sobrs~~renr 
by s u c c e d d y  estabhhing a lunar outpost or 
~ ~ n g ~ c a t e d r w a ~ t o o t h e r m w l c k .  

Nat all the squares will be accessible in the next 
decades. Technology has not & to the 
point that any nation is able b amtemplate. for 
example. commacia paspeas in the outer 
solar -ern- This figure does not r e v n t  a 
particular strategy &* it represents a cot- 
lection of potentiai pmgtams- 

Being a leader in one ama no longer reurlts in 
ove.dI space leadership. In the early 1960s. the 
United Stazes and the Sviet Union were the only 
mpetitors. a ~ d  only !he cells in tire lower left 
corner of the matrix were accessible. .+s 
technology advance4 and nations gained ex- 
perience in space, the opporlunities began tu 
expand, In the 1960s. the U.S. l e d  to send 
satellites to psynchronous ohit, scientific ex- 
periments to low-Earth orbit. spacecraft to 
Mars, and even astmauts to the Moon. America 
was undeniably the leader in spnce explodon, 
but the range ofspace activities was (by today's 
standards) relatively limited. In the 1980s. not 

The complex concept of space l d i p  may only has the numbeiof spacefaring nations in- 
be broken down into Logical elements to limn a creased, but so has the range dactiv~ties that 



Ik business uiqze has erpyded and 
k b e d d r o n - d d i v -  
aodrrraamf id*~~seRs ing .  t m i a q p v -  
i tymatedsd,coamm%dcommunk-  

eJrp&uiar- l t s ~ p u u s  

nateinallspaceedeawxs. St0cetbcU.S. can 
n o k w y e r d y e s p e d t o l e j d  theway in 
all adividor,  it is nor impatant to afopt a 
suategy to strive forleJdership in d u l l y  cho- 
sen ateas. 

If Mtiars in similar activities (occupy 
thesamespceoathemahix!theconditiom 
exist for either riv* or coopedon: if a nation 
engages in distinct activities (occupies a  spa^ 

alone). the umditions exist for -tested 
leadership. 

spaceking Dations during two periods d the 
space +: c 11 1957 thmugh 1977. illustrated by 
F i  3; and (2) 1978 thmugi~ 1990. illus- 
uatedbyFii4- 

The major pmgrams, L.S. and non-C. 5.. were 
i-ed and placed in the apppriate 
squ~es.  This is by no meam a comprehensive 
ampittion. but the e lected activities ye rep- 
msentjtive o f s p x  &ohs during these periods. 
An admittedly subjective assessment was made 
of whether the public perreived the U.5. or non- 
U.S- efforts to be the leadem in agiven spare. 
Each squam was then s h a h  either blue or red: 
blue if the U.S. was judged the l&, red if not- 

A cumparison of the two matxices p p : l i d v  
displayi the diff- be- these two 
periods of time. In the early yeam of the space 
age. fmer areas nere accessible and the C.5. 
uas the ciear leader in most; the matrix nepre- 
senting the 1980s illustrates the decline 0lE.S. 
leadmhip. 
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Examiningthe pmpms dtlst sQeceCBring na- 
tiom,shorsdre~&racteru-crack.'ihe 
U.S. spece pmg?ar lPas W I T  been corn- 

posed ',f - etlarto--fm 
a s d ~ e e a m d ~ ~ ~  
a d 4  nsearc& tech*, and explon- 
riaLIlwgrnaad,%nbechenrtciifad~ 
d-, ~ ~ s p e c w r u l a r e r e n t r .  
rather driw modem&* erdu~iollur advances 
E- the united ~ p r r  shhe. though 
~ t o b e o p e r a l i o a d ,  w a s a d -  
concept - it di.3 not 4 w  Irom existing launch 
vebides 

TBeSaietapcscc-rhichis-y 
~tror r r the* l lmaianprqgaoo,canbe 
~ s s o f t t m a a t i c ~ e u o l ~ -  
T h e ~ b i o w t o a * d  
a a d ~ , b u t o n ~ y d e v e l o p e d  
operatiar$ apabilides* acttiewd thmugh 3 

stmng coauDitramt to a mbust inCrasuucture. 
Tbt Soriets have m y  evolved torand this 
opaatioaalstateaadt)rcramnowbeginningto 
b u i l d a r t h a t ~ b a s e t o m v e s l o r l y  
intothtcomumd- 

n K ~ a n l t h e J ~ a p p c a r t 0 b e  
p u L 8 u i n & ~ t h a t d i n e d e s i r e s t o p u r -  
suescienceinsaeaedareasandtoachiere 
cotmmcial viability in orherr The launch sys- 
tem Ariane* the rrmote-sensing satellite SPOT. 
and the Japanese JEM (which will be devoted to 
materialsscimceresearch)~ail~plesof 
elements in these strategies. 

nKsc~tmssugpt that thece i snoone  
"correct" stratqm; &. there am man? dis- 
tinct strategic options. Clearly. each nation 
shouki choose and pursue a stmtegy which is 
consistent with its own r a t i d  objectives. 

What should our choice be? Do we want to ma- 
mre our opersdocwl Earth- orbiting capabiiities 
to a viable commercial enterprise? Should we 
continw our leadership role in sdjr system snd 
deepepeexplorarim?Or~kdrefocuson 
ventmingeverfurtJneroutwd fnnn Earth wilh 
huruan expeditions to the phets? 







LEADERSHIP INITIATIVES 

T o energize a discussion of long-range goals and strategies for the 
civilian apace program, four bold initiatives were  selected for def- 

inition, study, and evaluation: 

1. .Mission to Planet Earth: a program that would use the perspective 
afforded from space to study and characterize our home planet on a global 
scale. 

2. Exploration of the Solar System: a Frogram to retain U.S. leader- 
ship in exploration of the outer solar system, and regain U.S. leadership 
in exploration of comets, asteroids, and Mars. 

3. Outpost on the Moon: a program that would build on and extend 
the leqpcy of the Apollo Program, retaming Americans to the Moon to 
continue exploration, to establish a perrnaneni scientific outpost, and to 
begin prospecting the Moon's re8,0urces. 

4. Hnmnnn to Mars: a program to send astronauts on a series of round 
trips to land on the s;*face of Mars, leading to the eventual establishment 
ol a permanent base. 

The intent is not to choose one initiative and discard the other three, but 
rather to use the four candidzte initiatives as a basis for discussion. For 
this reason, it w a s  important to choose a set of initiatives which spanned 
a b m d  spectrum of content and complexity. 



The pound rules for this study ixe important to 
understand, since they influenced the detailed 
definihon of tlie initiatives. Tlie ,mund rules, 
set fonrard at the outset of this study. were: 

Thz* initiatives should L;e c~nsidered in 
addition !o currently plannei HA.;.* 
prognms. They were not judged 
u gain st. nor would they supplant. exist- 
ing programs. 
Each initiative should be developed 
independently. There is, of course. 
considerable synergism between certain 
initiatives. For example, one possible 
p i a p s i o n  for human exploration could 
be the development oia iuiiiz,-o?~tpost, 
followed by an expedition to Mars. How- 
eber, in order to provide a clear starting 
point for discussion. the four were con- 
sidered to be distinct. 
The initiatives should achieve major 
mi!estones within two decades. 
The Humans to Mars initiative should 
Se assumed to be an American venture. 
It was beyond the scope of this work to 
consider joint U.S./Soviet human 
exploration. 

The candidate initiatives were developed and 
presented to N f i X  management to: (1) evaluate 
the initiatives and their implications, and (2) 
promote a discussion of the attributes of each in- 
itiative to derermine the elements which are 
most important to YASA and to the United 
States. 

Each initiative was developed by a separate task 
group, which discussed the goals, mi!rstones. 
and elements of the initintive, and then deter- 
mined the requisite transportation, space 
facilities, and technologies. For each initiative, 
an "advocate" was identified to work with ap- 
propriate NASA personnel to develop program- 
matic details. These four advocates presented 
the strategies, scenarios, requirements, and 
rationale to senior NASA management. 

- 

Two initiatives. Mission to Planet Earth .~nd 
Exploration of t!le Solar System. had a bod! of 
recent work from svl~ich to dr~w. The 1986 re- 
port of the Earth System Sciences Committee of 
the N.UX Advisory Council. Earth S-ate.= 
Science: -4 Program for GIobtrl Clrange. clearly 
states goals for the future observation of Earth. 
Two reports by tlie Solar System Expiomtion 
Committee cfthe N 4SA r\<Iviso~ Council sirni- 
lady articulate goals and recommendations for 
solar system explontion. Titled Planetap 
Exploration tirrough Year 2000: Part One: .-I 
Core Program. and Pan Two: .An .4u,mented 
Program. these reports outline both a conserva- 
tive. steady program for solar system exploration 
and a set of more chnllenging, exciting missions 
to be undertake:! if resources to do so become 
mailable. The other two initi~:iues. Outpost on 
the Moon and Humans to Mars, did not iuvc 
cleady delineated strategies available and no 
specific organi7;ltion within NASA was dedi- 
cated to their advocacy. 





Strategy and Scenario 

The guiding principle behind this initiative is to 
adopt an integrated approach to observing 
Earth. The observations fmm various sensors on 
platforms and satellites will be coordinated to 
perform global surveys and also to perlorm de- 
tailed observations of specific phenomena. 

Mission to Planet Eartli proposes: 

1. To establish and maintain a global 
observationnl system in space.which 
would include experiments and free-fly- 
ing platforms. in polar.low-inclination, 
and geostationary orbits. and which 
would perform inte,pted. Ion,- = term 
measurements. 

2. To use the data from these satellites 
dong with in-silu information ant1 nu- 
merical modeling to document, under- 
stand, and eventually predict global 
change. 

As illustrated in F i r e  5. the global 
observational system would include a suite of 
nine oibiting platfoms: 

Four sun-synchronous polar platforms: 
two provided by the United States and 
one each provided by the European 
Space Agency (ESA) and the Japanese 
National Space Development Agency 
(NASDA). The first platform would be 
launched in 1994 and ali four platforms 
would be in orbit by 1997. These plat- 
forms would provide global polar cover- 
age with morning and afternoon crossing 
times. 

Five geostationary platforms: three pro- 
vided by the U.S. and one each by ESA 
and NASDA. These platfoms would all 
be launched and deployed between 
1996 and 2000. 

Figure 5. Mission to Planet Enrtll 

Low-inclination, low-altitude payloads would 
also be included in the system. Tlie Earth Radi- 
otior. Budget Experiment satellite. launched 
from the Space Shuttle in 19W, and the syn- 
thetic aperture radar sensors. SIR-A and SIR-B, 
flown on the Shuttle in 1981 and 1984, are the 
types of experiments that would fall into this 
category. Anolher example would be a proposed 
Space Station-attached payload designed to ob- 
tain coverage of tropical rainfall with sampling 
at a11 Iccal times. 

The inte,pted system wou!d measure the full 
complement of the planet's cliamcteristics. 
including: global cloud cover. vegetation cover. 
and ice cover; global rainfall and moisture; 
ocean chlorophyll content and ocean topog- 
raphy; motions and clelormntions of Earth's 
tectonic plates; and atmospheric concentration 
of gases such as carbon dioxide, methane, and 
ozone. 

Space-based observations would also be coordi- 
nated with ground-based experinlenls and the 
data from all observations would be integrated 
by an essential component of this initiative: a 
versatile, state-of-the-art information manage- 
ment system. This tool is critical to data analysis 



- 
and numerical modeling, ~d would enuble the of additio~~al launches, but i t  does require the 
i~ltegrition of all ohservational data and the capability to launch large payloads LO polar 
develop~nent of diagnostic and predictive Earth orbit: Titan IVs would be used to accomplish 
System models. this. Since the envisioned geostationary plat- 

This global observational system would be 
designed to operate for decades, serviced either 
by astronauts or robotic systems to ensure long 
life and to provide the continuing data collec- 
tion, integration, and analysis required by [his 
initiative. 

Because of its international and interdiscipli- 
nary nature, the Mission to Planet Earth re- 
quires the strong support and involvement of 
other U.S. government agencies (particularly 
the National Science Foundation and the 
National Oceanic and Atmospheric Administra- 
tion) and of our international partners. The roles 
of the various Federal agencies have been 
examined in detail by the Earth System Sciences 
Committee. NASA's responsibilities would in- 
clude the information management system and 
platforms and experiments described previ- 
ously. Most important, NASA would also pro- 
vide the supporting technology, space transpor- 
tation, space support services, and much of the 
scientific leadership. 

Teclmology, Transportation, 
and Orbitd Facilities 

This initiative requires advances in technology 
to enhance observations, to hniidie and deliver 
the enormous quantities of data, and to ensure 
a long operating life. Sophisticated sensors and 
information systems must be designed and de- 
veloped, and advances must be made in automa- 
tion and robotics (whether platform servicing is 
performed by astronauts or robotic systems). 

. - 
forms would be lifted to low-~arth orbit, assem- 
bled at the Space Station, and then lifted to 
geosy~lchronous orbit with a space transfer ve- 
hicle, well-dsvelopeii orbital facilities are 
essential. By the iate 1990s. the Space Station 
~ u s t  be able to sipport on-orbit assembly. and 
a space transfer vehicle must exist. 

Summary 

YASA, wit11 its technical and scientific exper- 
tise, is uniquely suited to lead Mission to P!anet 
Earth. Only from Earth orbit can we gain the 
perspective necessary to observe the Ecnh Sys- 
tem and the Interr~ction oiits components Dn a 
global scale. We now understand what to ob- 
serve and how to observe it. While we do not yet 
know how the data will piece together, the 
resulting Earth System models, developed and 
refined over years of study, are tlre important 
products of this initiative, and would establish 
NASA as o responsive agency ready to meet the 
challenge of a genuine time-critical need. 
Championing this initiative would establish the 
Linited States at thz forefront of a wurld- 
recognized need t.; understand our changing 
planet. 

To achieve its full scope, this initiative requires 
the operational support of Earth-to-orbit and 
space transpo-tation systems to accommodate 
the launching of polar and geostationary plot- 
forms. This does not represent a laree number 





This initiative is based on the L;rliurced strategy 
developed by the Solar System Exploration 
Committee d the 9.GA Advisory Council and 
elucidated in its two reports (cited preriowly) 
describing a Core Prqpm and im Augmented 
Pmgram for plyletiq exploration. The missions 
include: 

1. The C-t Rendesootu As&& 
Flyby (CRLF) mission would investi- 
gate the beginnings ofour&system. 
studying a Main Belt asteroid and a 
ame, which represent the k t -  
preserved samples of the early solar sys- 
tem. Because of their primordid nature, 
comets a n  provide critical clues h u t  
the pmeses that led to the origin =d 
evolution of our solar system. 

The CR'J mission scenario is s h w n  in 
F i  6. After a 1993 launch and a 
six-month cruise, the spacecraft would 
fly past the asteroid Hestia at ;m Jtitude 
of about 10,O kilometers. CRAFs 
visual and infrared as:eroid imaging sys- 
tems would conduct ir:vestigations of 
Hestia's surface composi tion and stnrc- 
ture. CRAF would then continue its 
journey for o rendezvous with a pell'odic 
comet, Tempe1 2. The spacecraft would 
maneuver to within 25 kilometers of the 
comet's nucleus and begin a series of 
obsemations, which includes shooting 
two penemtors into the nuclew itself for 
detailed k i t u  measurements. The 
spacecraft would fly in close formason 
with the comet until it nears the Sun and 
becomes active; then the spacecraft 
would maneuver farther away to observe 
the comet's coma and ta'l. 

2. The Cassini mission would explore 
Saturn and its Imps: moon, Titan. The 
giant outer planets offer us an opportu- 
nity to address key questions about their 

F i  6. 
The Cmne~ Rendczrrolrr rluaoid F& Mission 

Figure 7. 
ll~e Cwani Mission 

internal structures and compositions 
through detailed studies of their atmos- 
pheres. Titan is an especially interest- 
ing target for exploration because the 
organic chemistry now taking place 
there pmvides the ocly planetary-sale 
laboratory for studying processes that 
may '-7.ve been important in the pre- 
biotic terrestriai atmosphere. 



The Cassini mi&m propared in this 
initiative would a consideably 
e3pandcd version of the C- mission 
considered by the Soiar System Explora- 
tion Committee. ( F w  7 sl~ows the 
smurio for the baseline version d 
C d )  This expanded mission would 
be launched in 1998 for the long inter- 
p h c t a r y  voyage to arrive at Saturn in 
;?005 with a hll am: of investigative 
instruments. An orbital spacecraft d 
three probes d d  conduct a com- 
prchensive thrre-pear study of the 
plaaet am! its rings, satellites, and mag- 
net+. One auwspheric pmbc 
d d  be launckd towad Titan. The 
expanded Cmini mission would a h  
=my me probe to investigate the Satur- 
nian atmosphere, and one semi-soft 
lander which would reach the s u r k e  of 
Titan. 

3. The X(VI Ro~cdS+.Retwn mis- 
sions would. in journeys covering hun- 
dseds dmillions of miles, gather sam- 
ples of and bring them back tr, 
Earth. Becane of its relevance to un- 
derstanding Earth and other t e r n t r i a l  
planets, and because it is the only other 
potentially habitable planet in our solar 
system, Ma's is an intriguing target for 
exploration. 
The Mars R~~erlSamp& Rctum mission 
scenario is shown in F m  8. It would 
involve a soft landing on the Martian 
surface, deployment of a "smart" sur- 
face rover to select and collect samples. 
delivery of the samples to an w e n t  ve- 
hicle, and t ansfer of the w p l e s  from 
Wars orbit to a r a m  vehicle. The sam- 
ples would then most likely L.e returned 
to a sample handling module on the 
Space Station b r  analysis. 
The initiative would include t h m  such 
missions: two launched in 19%. proba- 

Frka, 8. 
The .Wen R d ! h m +  Retnm Mission 

bly sending r e c i u h t  rovers and ascent 
vehicles to ensure return d a  sample in 
1999. and one launched in 1998199 with 
return in 2001. 

As it is ddined, this iz~itiative places a premium 
on advanced technology and enhanced launch 
capabilities to mzximize the scientific m u m .  It 
r c q u i m  d a k i n g  technology for aerocapture 
and itemmaneuvering at Mars. and a high level 
of sophistication in automation. robotics. and 
sampling techniques. Advanced sampling 
methods am necosary to ensure that geologi- 
cd ly  and chemically varied and interesting 
samples me collected for analysis. 

The Solar System Exploration initiative signifi- 
cantly benefits from improved launch capability 
in terms of the scienct returned from both the 
Mars and the Ccrrrini missions; In fact. it is a 
heavy-lift launch vehicle that enables the full 
complement of three diifcrcnt probes to be 
carried in the expanded Ccrrsini mission. 

The Space Shuttle is not r r qu id  for any of the 
missions in the initiative. The S p a c ~  Station 





g e n f i x ~ a n d l i Z ~ ~ . y d  membmwuldstavonthesurlrnforonetotwo 
asoumcfmjterisl f ~ s h c l k s  and facilities. re&, setting up scientific instruments, a lunar 

The Yam's unique envimu#nt pm*ides the 
a f p r t l k t y  fk sigiifwrnt s&ntif% advances; 
t&pmspcdfagainsinlururandphctarysci- 
errct is &mdantly c k  AdditioMUy, since 
theMoon i s se i smic ; l l l v~yrd~no; lhros -  - -  . 

phae. and since its f i  side is shielded from the 
&noise fccm Earth, it is a verp &ve spot 
ibr experiments and obxr*atiolrs in astn+ 
phF&. gravity wave physics. and neutrino 
p&k.tonuntai'er- I t isabanacellent  
loation for rnater& science and life rimce 
rrxarch because d its lor gravitational field 
(orre-riah d Earth's). 

This initiative pqoscs the gradual, thm- 
phase evolution of our ability to live and work 
on the lunar dace .  

Phase I: !%arch for a Site (1990Jj 
The initial phase would focus on robotic e?rplo- 
nt ionof&~oon.~twouldbeg inwi th;he  
launching ol the Lwrar Gmcincc O h v e r ,  
which will map the surface. perform geochem- 
ical studies. and search for water at the poles. 
Depending on the discoveries of the Obsenxr, 
robotic landers and rovers may be sent to the 
surface to obtain mon information. Mapping 
and remote sensing would characterize the lunar 
surface and identify appropriate sites for the 
outpost. The discovery of water or other volatiles 
would be extremely significant, 4 would have 
important implications for the location of a 
habitable outpost. 

Photc 11: Rcswn to tht Moon ~3000-2005) 
Phase I1 begins with the return of astronauts to 
the lunar s&ace. (The scenario is sketched in 
Figure 9.) The initiative proposes that a crew 
be transported from the Space Station to lunar 
orbit in a module propelled by a lunar transfer 
vehicle. The crew and equipment would land in 
vehicles derived from the transfer vehicle. Crew 

o r r y p  pilot &t. 4 the modules d quip- 
ment nerrss;lllr to begin building a h rb id le  
outpost The crew would return to the orbiting 
d e r  v e h i i  for -on back to the 
space won- 

Over the first feu flights, the early outpost would 
p o w  to include a Sabitatjon aru, a rrswch 
ki l i ty  . a rover. sonre d machi- to move 
l u w  soil, d a pilot plant to demonstme the 
extraction of lunar oxygen. By 2001. a crew 
could stay the entire lunar night il4 Earth days). 
d by 2005 the outpast would support five 
people for several w& at a time. 

Phase IH.- At Homc on the 3loon 
(2005-3010) 
Phase 111 evolves directly Gom Phase U. as sci- 
entific and technologid capabilities allow the 
outpost to expand to a pcnnanently occupied 
birse. The base would have closed-loop life- 
support systems and an operational lunar oxy- 
gen plant. and -Id be invoived in frontline 
scientiftc r r s e ~ c h  and technology devel+ 

F i n  9. 
Return to zhe h n a r  Surface: 
Piloted Sortie. Expendable hndcr  



mcncThcprogiras;rlorequirarhcmobilits- 
tioa d disciplines rot previously requinai in the 
r p r t I D r n g Y n : u u f a n ~ a I X i ~ ~ ; ~ ~ ~ -  
portrtios mining, ad rrtr?r;rlr procwssiw 

B? 2010. up to30 papkrouM be ploductivdy 
l i * ; i a d ~ n g o a  thelumrmrfacc for 
m o e t h s a t 0 L i m t ~ ~ r i i l b e r v P i l j M e  
f ~ r r r r ~ r t d w o ~ t p o s t d  p06jiblyforpropcil*nt 
iirr futhu expktion. 

ThisiaitioPivemririoasfiequarttripstothe 
~ P i t a t b e p w # 1 0 0 - t r i p s ~ r c ~ ; M m -  
q u i r c a ~ i n r z s t n w e t i a ~ a a d  
imaoarportrtioa.ndorbit.lfscilitiaindre 
early 1990s. 

The critical technologies for this initiative arc 
those which would make human pmsmce on the 
Moon meaningfd a d  pmductive. They include 
bf&qpmt system techdogies to create a 
habitable outpost; automation and -pert sys- 
tems and surface power technologies to make 
the outpost f u n c t i d  and its inhabitants pro- 
ductive; and lunar mining d pmcessing 
techmbg~cs to e n d e  the prospecting for lunar 
fe%umes. 

The transportation system must be capable of 
regularly transporting the elements of the lunar 
outpost, the fuel for the voyage, and the lunar 
crew to l o w - E d  orbit. This requim a heavy- 
lift launch vehicle and a healthy Space :huttle 
Beet. Tbc trader of both cargo and crew froin 
the Space Station to lunar orbit requires the de- 
velopment of it rrusable space trader vehicle. 
Thu and a heavy-lift hunch vehicle mi11 be the 
m#lhorxs cf dre Lunar initiative. 

kuwitl0tt#3r(oon- ftisibthendwttaguidrhirt 
drc Spree Station evolve to include spaceport 
facilities. 

fnt)le1990s,thePhzselSpircc?.%rould 
beusedasatechwlqyds)rsttmstestbedfor 
developing t h d - h p  lif~suppott qstcms. 
j u d m   MI robotics, and tht txpert saystas 
rcquired for tbe lunar outpost. The ou~post 
would. in kt, d y  on rhc Space Sr;ltiorr for 
m y  of its swems and subsysterrrs, including 
lunuhabiutianrmdulesrbichrouMbc 
derivatives of dre Spree Sutioa habitationi 
hdmmmq modules- 

This initiative represents a conaptd leap out- 
ward from Ear.. The challenge is to tame xd 
hanrcss the spree fzontier- to p bcyondA&- 
and explort thc Moon for what it can tell us, and 
what it can dfer us, as a l s e p ~ c h  a d  develop 

, mcnt center and as a resource in itself- Explor- 
ing, prospsctiry. and sectling ur parts of our 
heritagcaadwiUnrastdybepartsofwr 
hrture. 

The Space Station is an essential part of this in- 
itiative. As the lunar outpost evolves, the Space 
Station w d d  become its operational hub in bw- 
Eiuth uhit. Supplies, equipment, iuld propel- 
lants would be manhalled at the Station for 





ment - a commitment to a goal aid its support- 
ing xietlct. ttxh~lology. and infnslructure for 
m;my d d e .  

Stntw d Scenari~ 

This initiative would: 

1. Cany out comprehensive robotic explo- 
ration of Mars in the 1990s. The robotic 
missicms woii:d begm with the .Urn. 
O k r u r ,  include an additional 06-r 
mission. and culminate in a pair of ,Wars 
ROOVjSampti Return missions. These 
missions would perform ,pxhemicd 
characteri&onofthe plmet. and com- 
plete g!a,ba mapping and support land- 
ing site selection a d  certification. 

2 Establish an aggressive Space Sution 
life sciences nsevch  p m p m  to vdi- 
date the feasibility of longduration 
spaceflight. ?his pmgram m~uld der~lop 
an understanding or' the physiologcd 
effects of long-duntion flights, of mea- 
sures tocounteract those effects. ard of 
m e d i d  techniques a d  quipment for 
use on such flights. An importarit result 

The Mars cargo vehicle minimizes its prope!lanr 
requirements by d i n g  a slow. low-energy trip 
to Mius. The vehicle \vould be assernbled in lo\$- 
Exdl orbit and hunched for Mius well ahead of 
the penonnr: ?ansport, and would carny every- 
thing to be delivered to the surface of Mars plus 
the fuel required for the crew's trip back to Earth 
(FWrC 10). 

The personnel transport would be 3ssemSied 
and fueIed in Iow-Earth orbit, and would Ieave 
for Mars only dter the cargo vehicle had iirrivd 
in Mius  orbit. It would c a q  acrew of six astro- 
nauts. crew support equipment, and propellant 
for the outbound portion of the trip i F w  1 1). 
Once in Mars orbit. it would rendez- ous with the 
cargo vehicle, refuel, ilnd prepare for descent to 
the surfice. The landing party woul~  s p e ~ d  10 
to 20 da:rs on the Martian surface, and then re- 
rendezvous with the personnel transpart [or the 
tn'p back to Earth orbit ( F L ~  121. Keccvery 
in Earth orbit rvould return the crew to a Space 
Station rehabilitation facility ( F v  131. The 
round-trip time for this scenario is approxi- 
mately one year. 

would be the determination of whether r I 
eventual W a s  transport vehicles must 

- 
provide artificial gravity. i' 

3. Design, prrparr for, and perform three 
fast piloted round-trip missions to Mars. 
These flights would enabie the commit- f 
ment, by 2010, to an outpost on M a s .  

The Mars missions described in this initiative O ~ ~ C D T * G ~ ~ T  

are one-year, round-trip "sprints," with as- 
tronauts exploring the Martian surface for two 
weeks before returning to Earth. The chosen U' 

w t x ~ ~ 1 ~ t ~ r t ~ r  
scenario significantly reduces the mount of cf =qcw GAG 

mys which must be launched into low-E~th 
srbit, and by doing so brings a one-year round .- 
trip into the redm of feasibility. This is ac- XfllO lggltw 

complished by splitting the mission into two - - - 

separate parts - P cargo vehicle and a personnei 
E i r e  10. 

transport-and judiciously choosing the Iwnch Piloted M m  Sprinl Sccn;,rio-Split Mission Option: 
date for each. Esth-Orbital Carp Fiigl~t Opentior* 



Frpoc 11. 
Piloted #us Sprint Scenario-Split Mission Option: 
EYth-olbttal P i d  Flight Operations 

The initiative proposes three of these sprint mis- 
sions. the third around the year 2010. By the 
second decade of the 21st Century. the U.S. 
would have the knowledge, the experience, and 
the technology base to begin developing an out- 
past on Mars. 

Technology, Transportation. 
and Orbital Facilities 

A significant, long-term commitment to de- 
veloping several critical technologies and to 
establishing the substantial transportation 
capabilities and orbital facilities is essentid to 
the success of the Mars initiative. The Mars ex- 
peditions require the development of a number 
of technologies, including aerobnking (which 
significantly reduces the amount of mass which 
must be lifted to low-Earth orbit), efficient in- 
terplanetary propulsion, automation and robot- 
ics, storage and transfer of cryogenics in space, 
fault-tolerant systems, and advanced medical 
technology. Technology development must be 

Even with separate cargo and personnel vehi- 
cles, and technological advances such as nero- 
braking, each of these sprint missions requires 
that approximately 2.3 million pounds be lifted 
to low-Earth orbit. (In comparison, the Phase 1 
Space Station is projected to weigh approxi- 
mately 0.5 million pounds.) It is clear !hat u 
robust, efficient transportation system. includ- 
ing a heavy-lift hunch vehicle, is requited. The 
complement of launch vehicles must be able to 
lift the c a m  and personnel required by the P 
sprint miss~ons to the Space Station in a reason- 
able period of time. Like the outpost on the 
Moon, this initiative requires a suhstantiitl in- 
vestmerat in launch systems, for transport of both 
cargo and crew. 

Fiyrc 12. 
Piloted Mars Sprint Scenario-Split Mission Option: 
Wan-OrbitnVSurfnce Opemtions 

The Phase 1 Space Station is a crucial part of 
this initiative. In the 1990s. i t  must support the 
critical life sciences research and medical 
technique development. It will also be the 
technology test bed for life-support systems, au- 
tomation and robotics, and expert systems. 

initinted;hmediately to supportthe timetable of Furthermcrc. we must develop facilities in low- 
this scenario. Earth orbit to store large quantities of propel- 



lant, a d  to assemble large vehicles. Tile Space 
Station would have to evolve in ;l way that would 
meet these needs. 

This initiative would send representatives of our 
planet to Mars during the first decade of the 21st 
Century. These emissaries would begin a phase 
of human exploration iind reconnai,zs;mce that 
would eventually lead to the establishment of ;l 
permanent human presence on anotller world. 

A successful Mars initiative would recapture the 
high ,pound of world space leadership and 
would provide an exciting focus for creativity, 
motivation, and pride of the American people. 
The challenge is compelling, and it is 
enormous. 

Fiin 13. 
Piloted M m  Sprint Scenario-Split Mission Option: 
Lrth  Recovery Openlions 





PROGRAMMATIC ASSESSMENT 

E ach of the initiatives described in the previous section is a wvorth- 
while program. Although each has something different tooffer, each 

falls within the framework of NASA's vision, each builds on and extends 
existing capabilities, and each elicits the reaction, "America ought to 
be doing this." [n €he absence of fiscal and resource constraints, the 
United States would undoubtedly adopt all four. In the presence of those 
very real constraints, and the additional constraints imposed by the current 
state of our civilian space program, this course of action is not possible. 

In its desire to revitalize the civilian space program, NASA must avoid 
the trap identified by the Rogers Commission during its investigation of 
the CWenger accident: The attitude that enabled the agency to put 
men on the moon and to build the Space Shuttle will not dlorv i: to pass 
up an exciting challenge - even though accepting the challenge may 
drain resources from the more mundane (but necessary) aspects of the 
prognm."The Commission fu:therobserved (in referencz to the Shuttle 
flight rates):"NASA must establish a rrd~stic level of expectation, then 
approach it carefully." 

To establish a realistic level of expectation, NASA must consider the cur- 
rent condition of the space program, its strengths and limitations, and 
its capabilities forgrowth. Any bold initiative has to begin with and then 
build on today's space program, which unfortunately lacks some funda- . 
mental capabilities. For example, our most critical commodity, Earth-to- 
orbit transportation, is essential to each of the initiatives. But the Space 
Shuttle is grounded until at least June of 1988, onci when it  does return 
to flight status, the flight rate will be considerably lower than that pro- 
jected before the CMenger  accident (a four-Shuttle fleet is estimated 
to be capable of 12 ro 14 flights per year). 
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In hindsight, it is easy to recognize that it w a s  
a crippling mistake to decree that the Space 
Slluttle would be this country's only launch 
vehicle. Several studies since the ClurUenger 
accident have recommended that the civilian 
space pmgmm include expendables in its fleet 
cif launch vehicles. This strategy relieves some 
of the burden from the Shuttle, gives the countv 
a broader. more flexible launch capability, and 
makes the space prognm less vulnerable in the 
event of an accident. 

The problem of limited launch capability or 
availability will be magnified during the assem- 
bly and opention of the Space Station. Cur- 
rently, NASA plans to use only the Space Sllut- 
tle to transport cargo and people to and from :he 
Space Station. This places a heavy demand on 
the Shuttle (six to eight flights per year), but 
more important. it makes the Space Station ab- 
solutely dependent on the Shuttle. If Shuttle 
launches should be interrupted again in the 
mid-1990s. this nation must still have access to 

TRANSPORTATION 

NX5A transportation needs for the 1990s and 
beyond received considerable attention from 
the tusk group and committees examining 
agency goals and future pro,prn thrusts. The 
consensus of their finding is that if the 
Nation is to open a "Highway to Space." we 
must regain regular and assured access to 
space and expand launch capacity based on 
expendable and reusable vehicles. 

"N.L\SA shouid, on a most urgcnt basis, in- 
itiate a progmrn to incorporate a diversified 
family of expendable launchers into its space 
flight prognm, to include a heavy-lift ELV. 
Payloads should be off-loaded from shuttle 
onto ELVs wherever possible." Report of the 
Task Force on Issues cjJu Mixed Fleet, 1987 

REQUIREMENTS 

"The use of a mixed launch fleet will allow 
humans to fly when they me needed on a mis- 
sion and allow unmanned veliicles to be the 
carrier of choice for other missions.. . Diver- 
sity will also allow a better matching of the 
scientific requirements of a mission with the 
launch capability needed to meet those re- 
quirements. rather than forcing the mission to 
meet the constraints of a single inflexible 
launch system." The Crisis in Space and 
Earth Science, 1986 

"The shuttle fleet will become obsolescent by 
the turn of the century. Reliable, economical 
launch vehicles will be needed to provide 
flexible. routine access to orbit for cargo and 
passengers at reduced costs ... to reduce 

I "The S.5. should continue to expand its space opention costs as soon as possible. the 

launch capacity b e d  on a mixed fleet of ex- Cr imission recommends that three major 

pendable and reusable launch vehicles to space transport needs be met in the next 
15 years: cargo transport to low Earth preclude total reliance on any one launch sys- 

tem, so that the present manned and unmanned orbit; passenger transport to and from low 

launch- will remain operationally healthy Earth orbit; and round-trip transfer beyond 

until the next generation of vehicles is fully low Earth orbit." Pioneering the Space 

developed." US. Civd Space Program: An Frontier, 1986 

AIAA Assessment, 1987 



space and the means to transport cargo and 
people to and from the Space Station. The im- 
prt*nce of this capability was emphasized by 
the National Commission on Space in its report, 
Pioneeing the Space Frontier: "Above all, it is 
imperative that the US maintain n continuous 
ability to put both h u m s  and cargo into 
orbit." 

From now until the miu- 1990s, Earth-to- 
orbit transportation is PJMA's most press- 
ingproblern. A space progrdm that can't get to 
orbit has all the effectiveness of a navy that can't 
get to the sea. America must develop a cadre of 
hunch vehicles that can first meet the near-term 
commitments of the civilian space program and 
then 4mw to support projected pro,wms or in- 
itiatives. 

Expenclilble launrh vehicles sllould be provided 
lor payloads which are not unique to the Space 
Shuttle-this is required just to implement current 
plans and to satisfy fundamental requirements. 

A Shuttlederived cargo vehicle should be de- 
veloped immediately. A Shuttle-derived vehicle 
is attractive because of its lift capacity, its 
synergism with the Space Transportation Sys- 
tem, and its potential to be available for service 
in the early 1990s. This cargo vehicle would re- 
duce the payload requirements on the Shuttle for 
Space Station support and would accelerate the 
Space Si;-tion rwsembli sequence. 

Th r * nited States should also seriously consider 
thc advisability of a crew-rated expendable to 
lift a crew capsule or a lw+istics capsule to the ? 
Space Station. The logistics vehicle, for Space 
Station resupply and/or instrument return, 
would be developed with autodocking and pre- 
cision reentry capabilities. The crew capsule 
would carry only crew members and supplies. 
would launch (with or without a crew) on the ex- 
pendable vehicle, would have autodocking capa- 
bility, and might also be used for crew rescue. 

TECHNOLOGY 
i 
i 

Rebuilding the Nation's technology base is i essential for the successful achievement of , I any long-term space god. It is widely agreed ! i that we are living off the ititerest of therlpollo , 
1 era technology investment. and that it is time I 
1 to replenish our technology reservoir in order I 
/ to enhance our range of technical options. j 
1 T h e  Nation has allowed its technology base 
I 
I to erode, leaving i t  with little capability to / 
I move out in new directions should the need 
I 

arise." Letter from Daniel J. Fink (Chairman, 1 
NASA Advisory Council) to James Fietcher, I 
dated August 14, 1986 

"Space technology advancement underlies 
any comprehensive future space activity. The 
present course is a statusquo caretaker path 
with no potentisl growth. New commitments 
are called for in key technologies such a s  
propulsion. automation and robotics, flight 
computers, information systems, sensors, 
power generation, materials, sti-uctures..life 
support systems, and space processing. We 
support the recommendation by the Hational 
Commission on Space far a three-fold in- 
crease in this relatively low-budget but ex- 
tremely important area ol space technology 
advancement, especially in view of strong 
foreign comniitments to such technology de- 
velopment." U.S. Civil Space Program: .4n 
AIM Assessmeru, 1987 

"Research must be pursued on a broad front, 
to identify and quantify technical possibili- 
ties before their usefulness can be judged. 
Such a research and technology program is 
therefore properly conceived as opportunity 
ge:~erating, not directed toward appliccl- 

*, tions. Pioneering r/ta Space Froaier, 1986 





- - 

Space Science and Applications. is a focused 
p r q a  designed to develop t1ut u.derstanding 
;urd provide the pl~ysiological ;uld malical 
f d o n  for extended spaceflight. This e- 
search wouic! be conducted in laboratories and 
oa !$ace S h d e  missions in preparation for the 
critical long-tern experiments to be conducted 
o l  the S,irce Station. 

dtitii the Space Station is occupied, and actual 
I - 

1ongdur;llion testing is begun, w e  will lack the 
knowledge necessary to design a d  conduct 
piloted inteiplzu1etary fligfils or to irrhdit iawer- 
p v i t y  surface bases. Although the research 
conducted prior to the occupation of Space Sta- 
tion cannot provide kfinitive answers to several 
key questions, it is an essential precursor to the 
research and technology development on tile 
Space Station. 

UFE SClENCES REScLARCH 
I 
! The prospect of an extended human presence 
! in space on the Spnce Station and later on ex- i 

tended missiori to the Moon or Mars requires 1 a commitment to better unde-d and re- 
f spond to biomedical, psychological, and 
I human engineeriry challenges. Although 

I ! lhne is great codidence ha t  we rill eventu- 
ally establish a presence on other bodies in 
the solar system, there remains uncertainty in 
the medical community about the implica- 
tions of such journeys for human health, 
safety, and productivity. A number of recent 
studies i~ighlight concerns and identify ares / requiring dditiond research. 

"Space medicine is unique in the context of 
the otherspilce sciences -primarily because, 
in addition to questions of fundame~tal in- 
terest, there is a need to address those issues 
that are more of a clinical or human health 
and safety nature.. . if this counuy is commit- 
ted to a future of humans in space, particu- 
larly for long periods of time, it is essential 
that the vast number of uncertainties about 
the effects of microgravity on humans and 
other living organisms be recognized and vig- 
orously addressed. Not to do so would be im- 
prident at best -qu~:e possibly, irrespcilsi- 
31e. " A  Strategy for Space Bidogy and Med- 
icul Sciercce, 1987 

"Many crucial issues in the three major areas 
ot" health, life support, and operational 
capabilities remain to be resolved before the 
safety of humans working in space over 
months and years can be assured. Certain as- 
pects of physiolog'd adaptation to micro- 
gravity may be life-threatening, especially 
over the low-term . . . Areas such as medical 
care, radiation protection, env;mnmental 
maiatenance, and human productivity are 
equally serious, but the research and de- 
velopment activities associated with these 
areas have at least begun on a modest scale. 
To neglect any of these areas could prove 
risky, and parallel research activities are re- 
commended." Advanced .Hissions with Hu- 
mans in Space, 1987 

"Of panmount practical importance are 
human safety and performance. Longdura- 
tion ff ights on the Space Station will increase 
our understanding of the elTects of the space 

I 
environment on people and other livins sys- 
tems. Problems of bone deminenlizntion and ; 

loss of muscle mass persist, and effective em- 
' 

i piricd solutions are unlikely to be fcund soon ! . .. It is imperative that basic research on this 
problem continue, both on the ground and in 
space. " Pioneering bhe 5,me Frontier, t 98G 



Both tecbnology devebpment  a d  life 
nciences research are pacing elements iu 
lawnap exploration. 

The f m r  initiatives represent widely varying 
levels of complexity and commitment. As part 
ofthe deve!eprn~t~t and e;*aluation of the initiu- 
tives. an assessment was performed to estimate 
their relative complexities and therefore their 
r eh ive  impacts on the agency and its resources. 
The initiatives. and results from related studies. 
were reviewed to identify the required technol- 
ogy. transportation. on-orbit facilities, and 
precu.sor science. This iissessment yielded the 
elements comprising each initiative- the build- 
ing blocks of that initiative. 

The assessment sought to define the initiatives 
to a reasonabie level of d&l through 2010. . i t  
this time, the initiatives would be in different 
stages of development. -411 Earth observing plat- 
forms would be in space with their observing 
systems operating; they would be serviced 
periodically, and would continue to transmit 
data to Earth for years. The find mission of the 
Planetary initiative would be complete: this in- 
itiative is not defined past 2010. The Lunar wit- 
post would be well established. w i h  m e i  =:ir- 

face elements developed arld delivered; it would 
rective continuing logistics support, but would 
be somewhat self sustaining, and have consid- 
crable potential for ,pwth and for support of 
furtherexplorntion activities. In 2010, the na- 
tion's Mars program would have just finished its 
human teconnclisance phase. and woeld be 
prepared to embark 3n the establishment of an 
outpost. 

To provide a cGmmon starting point for each in- 
itiative, this analysis assumed the currently 
planned NASA space pro6 7rn as a foundation. 
That is, each initiative must be built from the 
foundation of a fleet cf four Space Shuttles and 
a Phase 1 Space Station; everything else that 
would have to be added to accomplish the initia- 
tive, including additional Space Station mod- 

ules. new tnnsport;:tion elements. urrscl~ctdi~letl 
precursor science m~ssions. etc.. was assumed 
to be part of that initiative. 

Some of the elements of each initiative would be 
developed solely for that initiative; many others 
could be common to other intitiatives as well. 
An e m p l e  of the former is the lunar oxygen 
plant designed to extract oxvgen h m  tlie lunar 
soil. Although similar technologies might even- 
tually be needed at a Mars outpost, the element 
itself exists only in the Lunar initiative. An 
example of an element which could be common 
to several pmgnms is the space transfer vehicle 
of the Earth initiative. Although it would lift 
geostationary platforms from the Space Station 
to their fiml orbit. this vehicle cvuld also be 
used to deliver other cvgo (unrelated to the 
Earth initiative) to geosynchronous orbit. or i t  
could be the h i s  of s lunar transfer b,eliicle. 
Ehch initiative has elements which coald be 
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capacity for tlre Earth and Mimetal?: initiutivm. 
It would dso satisfy the requirements of the 
Mars and Lunu initiatives through the 19905. 
although shortly after the turn of the centuly 
both would need a vehicle with a lift capacity of 
150.000 to 200.000 pounds. This higher lift 
capacity is needed primarily to scpply the large 
amounts of propellant required for each initia- 
tive (about 2.2 million pounds to l o w - k l i  orbit 
for each Mlus  sprint mission: 200,000 pounds 
to low-Earth orbit for each lunar trek). 

The Lunar and M a  initiatives also have a crit- 
ical need for the capability to transport person- 
nel to and from the Space Station. This need 
could be filled by a personnel modu:e added to 
the Shuttle. or by some other personnel carrier. 
The additional crew members would perform on- 
orbit assembly of the c a r p  and crew vehicles. 
-4lthough there is currently no good estimate of 
the size of the crew required to assemble and test 
a vehicle in orbit. it is likely that the Lunar in- 
itiative, if it develops as projected in Phase III. 
would require more than 30 people in low-Earth 
orbit by the-year 2010. It builds to this peak 
gradually. though. and the early assembly re- 
quirements (2000 to 2005) car, be phased in 
slowly. 

A11 the initiatives have other needs as well. The 
Planetary initiative's needs are limited to ex- 
pendable stages. and possibly an Orbital Man- 
euvering Vehicle for the recovery of a returned 
Mars sample. The Earth initiative makes more 
substantid of Earth-orbital transportation. 
inchding a transfer vehicle to lift fully assem- 
bled observing platforms from the Space Station 
to geosynchronous orbit. and sophisticated Or- 
bital Maneuvering Vehicles to aid in platform 
servicing. The Lunar and Mars initiatives are 
more demanding. Both m likely to require Or- 
bital Maneuvering Vehicles to transport person- 
nel from the Space Station to orbital assembly 
sites. Most significant. both require substantial 
space tnnsfer vehicles to transport crews from 

- - 

low-Lr~h urbit to either the Muon or Mum, :\I- 
though the lunar transfer vehicle could be a dc- 
tivative of 3 transfer vehicle to geosynchronous 
orbit (or vice versa). at this time it appears that 
the Mars transfer vehicle will demand a different 
design. 

The orbital facilities required for each initiative 
are shown in Table 2. The Planetary initiative 
has limited requirements in this area; theother 
three have extensive needs that be$n with the 
Phase 1 Space Station. The Phase 1 Space Sta- 
tion includes polar platforms and &ched 
payloads for the Earth initiative; it serves as a 
technology and systems test bed for the Lunar 
initiative: and it will be a crucial laboratory for 
life sciences research md technolw develop- 
ment for the Mars initiative. 

.. 
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Table 2. 
Orbital Facilities Required for the Initiatives 



All the initiatives require that the Space Station 
evolvc additional capabilities. but the n d  of 
the Plirner;m initiative {a sample return module) 
and the Earth initiative {servicing c@ility, 
operation ofa space transfer vehicle! are rela- 
tively modest. The Lunar initiative requires 
gradual evolution to support the assembly. ser- 
vicing, and checkout of lunar tnr.sfer vehicles. 
This requires more people in orbit (and therefore 
more Space Station modules and logistics t n f -  
Cic), spceport facilities. and a propellant depot. 
The Milrs initiative also relies on those 
spaceport facilities and additional crew accont- 
modations, and although it will not occur qui te 
as soon as in the Lunar initiative. the assembly 
of the large Mars cargo and piloted vehicles will 
be a significant task. 

The Lunar initiative includes significant surface 
facilities such as habitation modules. laboratory 
modules, a d  an oxygen plant; the Mars initia- 
tive looks toward an eventcai outpost (after 
2019, but while similar surface facilities would 
be necessary at that time, they have not been in- 
cluded in the assessment to 2010. The Lunar 
and Mars initiatives both require landers, as- 
cent vehicles, and rovers. These would most 
likely use some common technologies and sub- 
qstems, but they would not be identical. 

The initiatives also require investments in 
technology development, and investments in in- 
stitutional and human resources. This support 
early in :he life of an initiative is vital to its suc- 
cess. The level of investment required is di- 
rectly proportional to the magnitude and com- 
plexity of the initiative. The Earth and Planetary 
initiatives would k expected to have relativeiy 
modest needs; the Lunar and Mars initiatives 
would demand substantial technology develop- 
ment programs, and significant increases in 
highly skilled personnel and institutional 
facilities. The need for a dedicated, enthusias- 
tic, and technically competent workforce must 
not be minimized; the Lunar and Mars initia- 

tives would b z!h require asignificmt increase 
in human re ources. 

The current level of definition of the initiatives, 
piuticularfy the Lunar and Mars icitiatives. is 
not adequate to reasonably estimate their costs. 
But while it was not appropriate to attempt to de- 
termine the absolute level of resources required 
by each, it was reasonable to estimate the rela- 
tive levels through 2010. For eacl~ initiative. 
after the elements not included in current SXS.4 
plans were identified, the mass and size olcach 
were estimated in order to determine the trans- 
portation requirements for that initiative. There 
was no attempt. at this early stage. to optimize 
the transportation system. 

F-. 14 complues the resoumes required by 
the four initiatives during the next five years. It 
is important to understand the level of effort 
needed to support a new initiative during this 
period. since :he country will also be relying on 
the civilian spice program to return the Eliuttle 
to flight, to rei?vigorate its transportation sys- 
tem, and to contlnue serious preparations for the 
Space Station. 

The Lunar. Earth, and Planetaty initiatives 
would take about the same level of investment 
through 1992. Tile investment in the Lunar in- 
itiati~e would k primarily in technolog and in 
early transportation development; in the Earth 
initidtiye, it would be largely in the development 
of the polar platforms, data handling system. 
and tmsponation; in the Planetary initiative, i t  
would be primarily in technology. and in ready- 
ing the Cotuet Rerr t l~~auv  .A.s~eroirl F l~h? .  mis- 
sion for a 1993 launch. 

The Mars initiative requires the largest commit- 
ment in the early years. Tiiis would be primarily 
an ir.vestment in transportation elements and in 
life science related additions to the Space Sta- 
tion. Transportation and Space Station use have 
not been optimized, so some ductioti  mislit be 
possible. The mec;*ge, however, would not 



chmge: tliecountry would have to make a major eta? iniiiatives peak in the early-to-mid-1Wk. 
investment in the next five y e m  to land people and then decrease to levels which remain fairly 
m 1f;lrs in L'LOOS. constant through the first decade of the next cen- 

The complex~ty of both the Lunarmd Mars in- 
itiatives m the year 2000 demands technology 
developments e d y  in the program. Thus. 
through 1992 the majority of the Lunar initia- 
tive, and a significant portion d t h e  Mius  initia- 
tive. would be comprised oi those t e c h n o l w  ac- 
tivities which lay *!.e groundwork for the initia- 
tive. Like early work in trinsportation. there is 
considerable synetgism in the early technolag? 
requirements of t h w  two initiatives. 

- 
tury. The Lunar initiative does not q u i r e  ex- 
t r a o r d i n q  resources through 199.2. but the 
commitment builds substantially in the mid- 
1990s. It peaks in about 2000. at the time of this 
initiative's first human landing. and stays high 
through 2010 as the outpost is developed into s 
permanent base. Tlie total level ofeffort through 
2010 is laqe.  and reflects the ambitious ap- 
proach to the construction of the lunar base. 
However, the nature of this initiative allows con- 
siderable flexibility. For example, the outpost 

F i  15 compares the initiatives through materials could be delivered to the surface 
2010. The Lunarand Mars initiatives are nearly rapidly or at a more deliberate pace: certain 
an order of magnitude greater in p m p m m a t i c  capabilities ofthe outpost could be emph;lsizrtd 
scope than the Planetary and Earth initiatives. and developed before others; or the transition 
The levels of investment in the Earth and Plan- from a temporarily occupied outpost to a large 

PROGRAM SUPPORT 

crr' IINITIATIVE-SPECIFIC 

I ~ U Y  ul(lw unull ruru PLANETARY EARTH LUNAR MARS I 
F i  14. F i t e  15. 
Resources Required by Initiatives through 1992 Resources Required by Initiatives through 2010 



-411 llougl~ the Man; initiali\ e o h -  ~ I I :  grr.ntr%t 
amount of lluniar~ and twl~twlogical tlr~tea. it 
a t ~ o  dc~llaatls the greatet it~vests~etit. The ~la(li 
i11i1i;ttive 11eIi11itio11 ~IICIII~II:II u111y 111vw ele- 
nleats mlu i rd  Tor the tl~ree q)rint a~ihsiot~s;. t l~c 
l a s t  it1 LW 10. su tlic level OT itive~tt~lct~t s1itn\11 
is ar~ificicrllv lo\\ lwt\\eet~ 2005 ant1 2010. 'I'llc 
mag~itucle oC the iaitiativc i~~dicatrs a Large 
cona~~itn~ent of wwurc~%. ; t t d  the ti~nrnccrlc 
dictates that t l~e inkestment peak in about 2000. 

i~iitiitti\es by allotvit~g the fin1 11u111crt1 Iit~~tIi~ig 
t~uccur  il l  2010. mthcr than in 200.5. The 2005 
ralltlil~g 6eIe~tcd ill the outset lo acIiiet (Z 1I1e - 
~aajor milttstone within two decades. I)ut this 
analysis sug~c%ts that tliis ground rule m;~! not 

1 ~ -  a1:prvpriittc. hjr t i le Ira- i11itiativ~- 





EVALUATION OF INITIATIVES 

T o this point, we have been consicleririg four specific initiatives. each 
of which rvould, if adopted, provide leadership in a particular m a  

of space endeavor. Now it is itnportarit to differentiate between an 
initiative and a strategy. .A strategy provides an overall framework and 
direction; it identifies and prioritizes goals. alicl defines a course to attain 
them. .An initiative should be an element of a strategy: a part. but only 
il pn. of tlie larger picture. Initiatives would. of course. be best judgetl 
in the contest of 3 strategy. 

.A process to define and evaluate candidate strategies for tllr civilian 
space program is k ing  developed at N.45.4. TIlis process will seek to 
identify possible strategies, tlleti ; ~ s s c ~ ~  the likelihood of success atlrl 
possible implicatiotis ofeach. They will be e\aluatrd in relittion to (he 
existing and projected environment. and to tlie various conditions :vhicli 
may influence their success, such as: 

8ASA's slrengtlis. its weaknesses, atid its culture 
External threats to U.S. lerrdersliip 
Opportunities to exercise leademhip 
Optirnistic and pessimistic scenarios of uncontrolloLle factors 
which influence NASA and its ability to carry out its charter 
The existing G.S. space policy 

A successjid Mius  RoverISample Return mission blasts off, carryi~ag its 
cargo of Itfartian swnples back ru Eurtlr. 
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r\s p t e ~ ~ t i a l  striltegies ;IW ~ncdific~l in ligl~t of 
tilest: I'acto~~. the rc%ult sl~oulcl I)e it ~ c t  of two 
or t11n.e disti~~c-t. viable strategies \\.hose 
resouwe quirrrrients. tllrrtals to succttss. iulrl 
irnplications to NASA antl the nation ilm well 
defined rtntl unclerstood. .-\lthough this process 
is beitrg tleuelopxl at 3.4Sr\. it is not N.AS:\'s 
role to tletermi~~e the oven~ll s t ra te2  for the 
nation's civilia~l sl~ace pn)gmIrI: that tn~lst I)e ;: 
tiatio~li~l tlecision. ?(.AS.-\ slioulcl. however. bc 
ylrpaml to prt?seat viable options. The poten- 
tiill benefit of this process 1s evident. It can re- 
sult in acohesive s tmteg  that is consistent with 
natio~ial goills. is bil~td on a relrlistlc appraisal 
olN:lSA's stwngtlls antl wc:ak~lest;es i111t1 the n:~- 
tion's willit~~ness to pursue it. ant1 is resilient 
to ch;lnges in the.internntionul environment. 

Ideally. ofcourse. it strite? woultl alretlrl! !w 
in place. Then each initiative could be jutlsed 
in liellt of its compatibility w~th  tlie over.~!l plan. 

While stressing the need for a cornprellensive 
strategy. we can nevertlleless conduct a prelimi- 
tlilp assessment of the initiatives. recognizing 
that the important considera:ions are the quality 
ofthe program. NASA's ability tocarry i t  out. 
and the public's wi!lingness to support it. In the 
process of this evaluation. we can see the ele- 
ments o; a potential strategy begin to emerge. 

Exploration of 
the Solar System 
111 tile 1960s antl 1970s. planeta? explortltion 
was a vital ancl inlportant component ol the 
Cnited States spice program. However. \v l , i l r  
ot11t.r nations are nosv vigorously 1)ursuing solar 
system exploration. the C.S. has launciled no 
~,litnetarv missions since 1978. 

What cloes the nest clecclrle tlolcl in store?TIte 
Soviets have ;lnnouncecI their intent to launch 
tllree~lrnbitious Ilights to Mars by 199.5. ~ l r ~ t l  ;l 

.\lam sample return mission by 2000. If tlley arc 
successfi~l wit11 their new-genentioti space- 
cri~l-1. rulrl c:ln continue lo forge cooperr~tivc- LIG- 
reements with  European notions. they will  
clearly have the greater monientunl in fllc cx- 
ploration of >tars by the micl-1990s. 

The Cllairman of tile Y.AS.4 :\tlvisory Council's 
Solar System Explol-ation Committee llas ex- 
pressed his conceni rtlmut more than tlie esplo- 
lation of >Ii~rs: "If we clo not continue to carry 
out these challenging missions to the outer plan- 
ets and comets and nsteroicls. rve wi l l  quickly 

.* 
lose tile limited mornentun1 still remaining . 

Tlie Solar System Exploration Committee 11. s 
tlevised a strategy for planetary exploration 
tl~rough the year 2000. which presented "tll 
minimum-level progritm t11iat coulcl bc c:lrrirtl 
out in il cost-erfective manner. and would yieltl 
continuing retuni of scientific resillts." ?!AS;\ 
shoulcl embrace this Core Progrorn. 

Tile .t!ars RoterlSanrple Return mission is the 
centerpiece of the Solar System Exploration 
Committee's recommentletl ;lugmentiltion to its 
Core Program. This is il mission of bold scien- 
tific exploration and high technoIogica1 drama, 
and a necessary precursor to the human explo- 
ration of Mars. Tlie option for n 1998 launch (two 
years later than the 1996 date proposed in the 
initiative) slioulcl be preserved. 



.-\ltl~ouglt the .lktrs Ro rrlScrrr~pic. Rc.rurtt wil* 
l)rt..sct~tctl a 2 U.5. I I I ~ S . ; ~ ~ I I  i t1  1111s i~~itiativc. i t  
~-0 t t Ic4  I* l)erfort~~~.il i t1  ~~~nq~crat iu t i  wit11 t)ur id- 
lies ;itlcI/or in cuonlit~iitio~l w i r l ~  the 5c)viut 
Union. III fact, p l a ~ ~ r t a p  expluratiot~ is well 
suiled to intenlirt~onal ca)pcr,~tion. The U.S. 
could Lxncfit signi&cautl~ by coordinating i t3  
.Ilrrs Obserrcr wit11 thc tl~ree ~ol)liist;ca~rtl 
Soviet ~~lissiolls to I)e lauoclled for 3Iars over tllc 
llesl ~ e r c l l  years. Ct)orclinatiot~ ol' tllese oar1:- 
lligl~ts. attcl esct~attgc of rc~ttlti~tg data. itoe~ltl 
leave tI1e L.S. better prepared to uttilet.takc a 
.Vars Rouer/Samp/e Re~wrt mission, tvhetl~er in 
coonlina~ion with the Soviets or- alone. 

Planeta~y csploration tired not be S.A$;\'s pri- 
mary locus, but it offers oppo~tunities to esel; 
cise leatlersl~ip it1 the intenlatiollal arena 
tltrougll organizit~g and participatitig ill coali- 
tions to achieve objectives rvllich are consister~t 
with U.5. goals. and i t  can provide importal~t 
precursor information for either of the larger 
human exploration initiatives. 

Robotic  laneta tar?; exploration sllould be actively 
supported and nurtured within S.4SA. .Although 
i t  t l o s  not have tlie i~nrnediatc relevance of tlie 
Jlission to Plmiet h t I 1 ,  or the escitement of 
11uman enplorarisn. it is lund;m~ental science thnt 
cllalie~~ges our tecllrlolog. extencis our presence, 
a:ld gi ~ e s  us a gli~npse of otller worlds. A s  such, 
i t  elljoys witlespread pul)lic interest ;r:iil sul)l~ol~. 
Alt l~b; :~i i  not necessarily at the pic- sugge51ed in 
this initiative, planetary exploration must be sol- 
idly supported through the 1990s. 

Mission to Planet Earth 
Mission lo Planet Earth is not the sort oCnlajor pru- 
v i m  h e  public norwlly associates will1 an 
agency famous for Apollo, Vikirg, and Voyager. 
But this initiative is a great olle. not because i t  
offers tremendous excitement and adventure. I>ut 
I~ewuse o l i a  lundamen~al irt~porlance lo I~umat~- 
ity's luture on this planet. 

l'l~is initiative t l i r ~ ~ t l y  acltlr-esses tllc ~~tui ) lcrn~ 
111at will I)c lit~ittg Iit~t~tatti~y i l l  the C U I I I ~ I I ~  

tlcxatlc~. atld it.. C O I I ~ I I I ~ I ~ ~ I ~  .%ientific rctur11 n i i l  
I ) t ~ ~ I ~ t c c  nsulrs wllic.11 an: oC 111ajor signilicaaue to 
all the residents ol tile planet. The Ilenelits are 
clear to a public that is increasingl! co~icerned 
d ~ o u t  global e~~virunnlentai problems like ozone 
t1el)letioa. buildup of g~ttenl~ou~e gae5. and 
acidificittiol~ of lakes atlrl lorests. .Arlc: a= the 
er~virvnmr~it ar~cl its prt5en;ttion hecome more 
~~ressing isbues. the initiatiie rctaills i l j  in~por- 
lance Tor rtlarly gener~lior~s to corne. 

1:or this r e i~~on  it slioultl elljoy sustained ~)ublic 
ant1 Conb~essionJ support and interest. The L.5. 
is the orlly  count^^ curretllly capable of leading 
a Ilissioi~ to Planet E ~ I ,  but the p r o p i n  is 
designed muncl. itncl requires, international 
cooperation. .4dmittedly, the initiative's intema- 
tional scope could complicate its coordination and 
implementation. but the concept embodied in the 
initiative enjoys wides;pread international sup- 
port. .As Inore and mole co~lntries are lacing 
ecolo~.ical problems. there is increasing interest in 
a global ilppr~ilch. In fact, tiiis concept IS Sup- 
ported by several international organizations, and 
nlay emerge .is a tl~erne for the Inteniatioual Space 
)-ear. 1993. This initiative represents an impor- 
tan[ opportunity lor tile United States to exercise 
leatlerjl~il) in an increasingly si~lilicatlt area. 

.As the €art11 System Scieilces Co~n~nittee 
strggests, NAS.4 is a tuitural leacler ford Mission 
to Planet Ea~tll. The Yational Science Foundar~on 
and the IVationaI Ocea~~ic a~ld  t\t~nosplleric :\d- 
millistration will play important roles, and inrera- 
gency coordination is ctucial. But since the major 
focus is on obsetvations from space and [lie coor- 
dina~ion and analysis of these (and ground-based) 
observations, NASA is uniquely suited to lead tlie 
eflort. It is a ~iatural use for, llnd estension of, our 
low-Earth orbital facilities ant1 capabilities. and 
would not severely drain Itsources lrorrl exisling 
programs. This is an initiative well witl~in NASA's 



Slloi~Iti S;\S.\ tlu it? Virttli~lly evellvorll: es~~oset l  
to this initiative recogt~izecl its f i~~~clan~ental  im- 
Iwrtatlce. ;rnrl agreed tl~at "wl~i~tever we du. we 
Ili~\re to do this": but some felt it may not be bolt1 
alitl visionw etlough to stitnuli~te the increawtl 
fi~t~ding necessav. The National Commission 
otl Spilce contlucted numerous pul)lic sessions 
~ I I  the spilce program. ;trltl solicited ant1 re- 
c eivetl conlments frotr~ a ivicle cross-section of 
.-\rnericans. The Con~mission's report lists a 
series of points "brought fonvarri repe:itetll y" in 
those public sessions. One uf these was the con- 
cern tllat "any tleu pus11 into space must supple- 
ment living on Earth .... Don't ubantlon our 
l~onle pli~net!" 

Plans are already urlder way wi!!lin N.AS.4 to 
undertake a subset o i  this program. The Earth 
Observing System. wl~ich consists of two YASA 
polar platforms. is being coonlinatecl wit11 the 
correspo~icling activities bf the European Space 
Agency ancl Japan. The first N:\SA platform is 
pilrt of tile Phase 1 Space Station. The second 
pliltform. the instruments. and the payloads 
remain unapproved. .And althougl~ the Eilrtl~ 
Observing Svsteni woultl represent a miljor start. 
i t  is not suficicnt to f t ~ l f i l i  i111 :he 01)jectives of 
this initiittive. Critical activities for tile 
immediate future include the coordination of 
Federal agencies, and the strengthening of 
international agreements to facilitate the coordi- 
nation of this international effort. 

NASA shoultl embrace Mission to Planet Earth. 
This initiative is responsive. time-critical, ancl 
shows il recognition of our responsibility to our 
home planet. Do we dare apply our capubilities 
to explore the mysteries oforher worltls. anel not 
also apply those capabilities to explore und un- 
derstand the mysteries ofour own world - mys- 
teries which may have important implic- .,~:ons ' 

for our future on this planet? 

Humans to Mars 
E ~ p l o r i ~ ~ g .  i)rospt.(*ti~~g. ; I I I ( ~  st.111i11g IIi~rs , I I . ~ -  

clezrly the t~ltinli~te pil ls  oI' the nex t  sevcrt~l 
arcades of lluman exploration. But wl~at sLrat- 
egy sl~ould be followed to i~tti~in those 

Ally expedition to Mars is i1 I~uge undertaking. 
wliicl~ requires a conin~itmer~t of resources 
wilicl~ must be sustainetl over deci~tle~.  This 
task g ~ o u p  h i s  ex;~n~inecl o111y one ~)ossil)it. 
scenario Ibr a liars initiative - ;I scenario 
tltrsigr~etl to lilncl Ilt.rnans on Mars 2003. This 
timesc;~le requires arl early i111tI significant 
investment in technology: i t  also clemilrlcis a 
heavy-lift l n ~ ~ n c l ~  vehicle. :I I q e r  Shuttle Ilret. 
arrd s transportation depot at tile Space Station 
near the turn of the century. This wou!tl rerluire 
an immediiite commitment olresources ant1 ;In 
approximate tripling ol3.AS.4'~ budget cluring 
the mid-1990s. 

;\.lore important. NAS:! would be hard pressed 
to c a r p  tile weight ofthis ambitious initii~tive in 
t l ~ c  1990s without severely taxing existing prc - 
gams. YASA's available resources were 
strained to the limit flying nine Shuttle fligll~s 
in one year. It will be difficult to achieve the op- 
erations capaci*. to launcl~ and control 12 to 14 
Shuttle fligl~ts per year. anti ilssemhle. lest. ant1 
continuously opcrilte a Space Staiiu~l i r l  tl~c 111it1- 

1990s. It woillcl not be wise to embark on an anl- 
hitious program wllose requirements coulcl over- 
wi~eln~ tl~ose of the Sl~uttle ancl Space Stt~tion 
<luring the criticill next decacle. 

This suggests tl~ut we sl~oultl revise the groutlcl 
rules and corlsitler other approaches to h11mu11 . 
explorztion of klilrs. One alternative is to reti:in 
tile scenario tleveloped here. b u t ~ o  proceetl at 
u more cleliberi~te (but still aggressive) puce. ullcl 
i~llotv the first human larlding to occur in 2010. 
This spreads the investment over u longer 
period. uncl tl1oi1gI1 it also dcli~ys tile significiuit 
milestones and extends the lengtl~ of commit- 
ment, i t  greatly reduces tllc urgency forSpilce 



Stittion evolution a~wl growtll, ancl consequently itn~~lenletlt a progrrrar wliiclt would have a ::trong 
for transl)c,rtirtio~~ 1-;tpabilitit.s i~s t\(:II. fountlutioti a ~ ~ t l  a d e ~ l l ~ i ~ t c  1118~nrctltunl to sustai~i 

itself beyond the G e t  few piloted missions. This 
\Ve etttst p ~ r s u c  a 1110t-e clelibcr~tc Iblugralu; tllis could tun1 an initiative that etlvisions the even- .* i ~ ~ ~ p l i e s  tliat wesl~ould avoicl a "race to X a ~ s .  tual developtnent ~f .I Iiabitable outpost into 
l'l~cre is the vcp real danger that i f  tlie L.S. an- another one-shot spectacular. Such a ded-end 
nol~ncesa humiu~ .\Iars itlitiativc at tliis ti111e. i t  venture does not have tile support of most YAS.4 
coulcl cscalate illto atlotllerspacc Ixce. \\;'l~etlior ~~c~xonne l .  Neitller, according to tlie ;\;ution;ll 
st1c.11 a race was real or pcrccivecl. there ~ o u l t l  Commission on Space, does it have tlie support 
I)e c c , t ~ ~ ~ a ~ ~ t  prcssure to set a t i t~~e~al)le.  10 accel- of tlie ~ ~ u l ~ l i c .  :\ "thenre 1)rougIlt f o ~ ~ i l r d  re- 
eritte i l  if possi ble. ancl to uvoitl falling l>c~llirltl. I)eateclly" in the Conin~ission's extensive ~)ublic 
SrlreJule pressures, ;rs tllr Kogcls; Con~missio~i sessions was "a strong wish that wr  next goal 
noted. can have a very real. adverse effect. The for piloted space activity not be anotlier.-lpollo 
pressure could make it difficirlt to design a:~d - a one-shot rorcly or a political stunt." 

THE OFFICE OF EXPLORATION 

During the majority of this work, tliere was no 
focal point within NASA for studies on human 
exploration. Recognizing tliis deficiency, ant1 
aclopti~~g ,:tic of the early recommc~~datiot~s of 
tliis study, the NASA :?dmi~listrator lias es- 
tablis!:ccl the Office of Exploration to fund, 
direct, and coordinate studies related to 
human exploration. 

Both of tlie hunian esploratio~l initiatives de- 
scribed in tliis work were generated in a work- 
sliop or task force environment. The three to 
four montlls devoted to their fornlulation were 
i~ le~ lua te  o ~ ~ l y  to develop tlic =tarling ~)oi~l t  for 
in-deptli studies. The Office of Exploration 
will  be responsilple for coordinated mission 
studies to develop tl-rese and otherscenarios, 
to assess mission concepts and schedules, 
and to study trade-offs in requirements, 
tecllnology, trtlnsportation, and facilities 
utilixatio~i. Advuncetl tcchnology a~it l  tri.111~- 

portation recluirements cannot be developed 
in a vacuum. These mission studies wi l l  pro- 
vide il context for planning technology and 
tratisl,ortation development and Space Sta- 
tion evolution (and studies in these areas will, 
of coursc. feed hack Into the mission 
scenarius). 

The estdlislirnmt of the Office of Exglori~- 1 
tion was at1 iniportant step. Adequate suppo~,i 
of the Office will  be equ;l!ly important, and 
wili be an intlication of the commitment to 
lo~lg-term human exl~loration. T!~cre is some 
concerti amon$ol)scrvers tIIi11 the Office wzs 
created only to placate crittcs, not to providc 
a serious focus for liuri~an exploriiiioti. 
Studies relating to human exploration of the 
Moon or i~1d1-s currently co~nmand only about 
.03 percent of NASA's budget (apprc~ximntely 
1 dollar out of 3000); this is not enough. 

' 





ittt.rst and testing. i f  buiicis crrl ;ltirl grr;rlu;tltr ct- rnum ~ l t u  feel t !w  t h i ~  genutdtiwr $ilot>k! curt- 
i v i ~ i r  r ' i i ~ i~ l fp  (..tful)ifilirz. lf,i~t: uf !!st- -?ztc-rrlr lirluc. the Iw:ut~ i?? .-ipnfh.. 
rrw.Itsf f;r w;ti.lrittg ~13ttvanf iu ll.tr9 c?r,cjftt iw 
dcveiopcd .trttl prtt..er~ in the- t*uurse trf r w r k  in .4itfmtglr erpitm-n ftave w*tcttwl the 3ftmt1, the 

the Ejrtti-Sfoc:t *;ion. i t  ia iwt ahlutc: !  S iwn I~J* nor i ~ e t ~  fullv e x p l o d .  Tflis i n i t i ~ r i : ~  
kouid push hack fnmt ia .  ncH to ac l ~ i e v o  3 &late 

t % t . c m q  to rststbiisib !his stepping storre*. ?;hi 
&$on.. bur to expiure. tu undrrmcianti, i~ feimt- it c~rt . i i i~:>  r r u k a  senst! topin yr;&iicltce. th- 
rtttrl  rode+ct,~p: it  uouhi placr 'Itc .4p,tio Pm- ~xfiix. ~ t r r c l  cor!frdtlr~~,e .tcarvr F k 4 1  G e t .  ;ttd srirrr iillo it lxew'.:r cvnteli <J" c~-itttatrii\~ ex- 

t l t r t t  tv .set w:: tur )far:. - 
ptutxlivn. sparrniag ~ c r  er~l gmwrattut~s .;rti 

R:Z7 arucly .!id irrcfii,!tt rm aases~nrrt? c,f the .4taericatls. . i ~ c i  it fitt.!w;tutifi~li? into J tratti~rl 
k ~ e !  vi pijldic sa!)!mi : cur t i t2 i~ ia l t rv~.  n*gresszurt human cxpitrrsiuo th,tt fc.;i.:s 

Hvwever. there is cotuidmblr sentimen: tl~zi -hm the hi.gLienc!s u i  the \loon :o titr piatas of 
, t p ! J r ~  was ri dcd-eitd wentun:. arid we Irrtut. l i t -  Ii~rs.* 
1:rt left to sllutv for it. -4triimtt.h tttis t&k force - 
found sonre silo dismissed tflts iniiicl~ivt. jxs- 
cause "we've k e n  to the 5Tmti,-' i t  found matry 





CONCLUSION 

0 ver the last 25 years, a a result of the sucas ol prqp(u~u like 
.A+. Sh-jab, Viking. VOJU~W. i ~ l d  the Space Shuttle. the Amer- 

ican public has come to expect tllis cuuntr? to l e d  a d d  in sparse 
science. space explucation. zuwl apace mitrrpri*. But during the 1980s. 
rnemkmhip in the wre-exclusivrt club d s p d j r i n g  nilliotls haxi p w n .  
d our leadership is being challenged in .many are;rs. 

In t&y's w d d .  .4merica c l e d ~  c;ulrwt be the Iedcr in d l  =pace en- 
de;rvon. But w e  will .be the Ie&r in u~ few unless re move prvmptly 
to develop a s t r a t e  to e n  and &n leadership in those areas we 
deem important. 

Leadership results fnnn both the c+ilitia a c w ~ ~ t r y ~ h r r s  acquired ~ l ~ d  
the active demonstration of those c;lp;lbilities. Thus. the strategy we 
choose must hy r stnmg foundation ofscientific research and t e c h n o l w  
development. and must include visible. significant accomplishn~ents 
that demonstrate the w ~ ~ e s s f u l  pumuit vf our stated ,pals. 

To stimulate a discussion ofthe future of the b.5. civililin space p ~ ~ i .  
four potential l e d e n h i p  initiatives \re= develvped. Each fits comfurt- 
ably under the u m k l l z o f  NASA's chader. each cv~~ti l ins visible mile- 
stones within the next t w o d e c h .  and each r e q u i w  il sulid foundation 
Ot tu+nology, ~r -w~or l ; r l iun ,  ;uad u&ilill failitics. 

It  would not be good straleey, ,pod science, or ,pd pulicy for tile C.S. 
tu select osingle initiative, tlwn pursue it single-ntindedly. Tlw pursuit 
dasingle ini:i;rtive to the exclusion d d l  others results in l d e r s h i p  
in only a limited range d space endeavor. 

A drieg']r for t!ie U.S. qrilce pmgrim ntust In: carefully selected tv Iw: 
cmwisten~ with wr ns\titnul aspiriitms a ~ n l  (.11nsiste11t with NASA*s 
capabilities. It is not NASA's role to determine the strategy for the civil- 
ian apace propm. But it is NASA's rule to l e d  the d e h e ,  to propose 
technically feasible options, and to miate thoughtful recommendations. 



L is i t  this .spirit IIW u e w t  tltc o~~tl inecd d twlmcdogy test bed. anal its a potcntiai 
one strat- - a strat- ulcro l~~t ioc~ u u l  mtu- ~ W I ~  OCim~m~tr nt m w n ' e .  Uli i le exp lont~~ 
ral pmpsion. stratc-gy mrultl Iwgin in- tlw Moun. we wouitl Izant to live ant1 work on 
creasing wt cqmbilitics ia t r .wpwht io~~ at~d a hostile wcdd I ~ y o n d  Earth. This sltoulcl IF 
t e c I u ~ - ~ ; n s ~  in thCRIJC.Ive. but as donc in  an evolutionary manner. and on a time 
the neerss;rrlv nrejns toachieve a~rgoals in sci- scale that is consistent with cmr developing 
t tnc ' t fd cxvlor~icm. Tile most critical rrml inl- cambilities. 

* k)C- mcul'ie nee&+ arc mlalr<l to ;u lvat~rd tran.-l 
lation systems to suppltrmnl a td  ~umplc-ttwnt 
the Syr;lc'~' Sluttie. itnl ;~tlva~w.cd taxl~nolup to 
d ~ l e  the l d d  missions ad die next century. 
Until we can get people and c a p  to ;ud fnnn 
orbit ~ l i ; r W y  and aTicimtly. our reach w i l l  ex- 
ceed ourgr;rsp: u t i l  ue begin the technologies 
ptupssetl I)y Project Pathfinder. tIw tvai imtio~~ 
of our spitations will remain over a decxk 
away. 

The s tn tep emphasizes evolving our cap -  
bilities in low-Earth orbit. and using those 
c~pd i l i t i es  to study our own world and explore 
others. With these capabilities. we wo111d pu- 
sition ourselves to Led in characterizing and un- 
demanding planet Earth: we would also posi- 
tion ourselves to continue leading the way in  
buman exploration. 

Tlic natural pmgmssiuc~ of Iittman explor~tiot~ 
thw~  Ieatls ;o Mars. is no doul~t t11at 
exploring. pm~wcting. and settling Mars 
sliwld lx title ultimate ol~jec.tirtrrs ol human ex- 
ploration. But .-\merica shwltl not rush 1ie;nl- 
long toward Mm: we should adapt a stmt- to 
continue m onierfy expansion outu.anl from 
Lrtli. 

The National Comtnission cnn Space uqces 2 1 st 

Cetituv .\mericrr "To lead the eq,loration anti 
development of the space frontier. advancing 
science. technulop. and enterprise. and build- 
ing institutions and systems that d e  accessi- 
ble vast new resources and support human set- 
tlcmenls' beyond Earth orbit. from the highlands 
ofthe Moon to the plains d Wan."Ttie United 
States s p c ~  p-m n d s  to define a cue~se 
LO make this vision a mrrlity. 

.\ccording to the N.4S.A Advisory Council's 
Task Force on Gals. "Recognized leadership 
absolutely requim theexpirnsiun ofhitman life 
beyond the Eruih. since h u m  exploration is 
one of the most cbl lmging and compelling dis- 
plays o l  our sp;lcefiuing d~ilities." 

We should explore the Moo11 for what i t  can tell 
us. a d  what i t  can give us -as a scientific l a b  
ontory and observing platform. as a research 



EDucxm 
A n i n a h m d ~ i s  Pobotbthe ...m~adsrsat~wb 
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